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Spec I f I cat I on 

Wiping Cloth Made of Nonwoven Fabric and 
Method for Manufacturing Wiping Cloth 
Made of Nonwoven Fabr i c 

Technical Field 
Thepresent invent, on relates toa«,p,ngclo,h superior 

„ ,e«ving dus, and absorbing water and to a .ethod for 
t^cturing the .ipmg cloth. in particular the 
„,,n,ion relates to a wiping cloth superior m ren,ov,n, 
,,,, and ,n absorbing water and su, table 1or use in 
-,ean -00. and to a method *or manufacturing such w.p.ng 



Background Art 
A .ipins cloth raade of nonwoven fabr.o oonsisfng o' 
,,Pulcsef .laments, for example, has been he r e t of o r e known 
.. ,,p,ng cloth to be used ,n clean room. Such a wip.no 
c^o-h .s advantageous because of its superiority ,n water 
on due to hydrophil.c property of cellulose 
,,,,„ents However .f the cellulose filaments are 
decreased n fineness (for example, 1 den.er or less) in 
„,i.r to improve the property of removing ^me dust 
r.emovability). the cloth is prone to generate cellulose 
po.de- which IS not , a vo r ab I e as a w i p i ng c I o th , o be used 
,n. lean room. It , s cons i dered that the ce 1 I u 1 ose pcde r 
..generatedbeoausefi lament brea.ageoccurs due todecrease 
,n .ensue strength when the fineness of the cellulose 
.iNments is small The forego i ng powder (fibrous powder. 
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,ho fihprs due 10 filament breakage i r, 
produced from the fibers aue 

general ly oal led I int 

, .,p,n<, cloth ™ade of non.oven fabric or .oven or 
,M,'ed fabric consUting of syr„hetic fibers such a. 
pH,es,erf,bershasbeenalsokno«n. Such syn, he , , o f , be , s 
„ai.tain a certain tensMe strength and produce a less I mt 
„en If the denier iss.all as compared . i th the cellulose 
,,bers in this sense, the synthetic fibers are suitable 
.or a .iping cloth to be used in clean room as compared .ith 
,„e use of the cellulose,, bars. Ho.ever, i n the synthe, , c 
,,,,,, ,,ere ,s a disadvantage that the synthetic fibers 
po,, ,n hydrophilic property as compared «ith the 

pse fibers ( in other words, the synthef i c f i be r s a r e 

;.,d-ophob, = ; and therefore it is impossible to gi.e a 
,,f.,,ient water-absorbing characteristic to the .ipm. 
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rcrthisreason, a , i P i ng c 1 o t h P r o v i ded . i t h m i c r opo r e s 
o.thesurfaceofpolyesterfibersofnotmorethan,.5deniers 
,,„g,e fiber fineness was proposed (the Japanese Patent 
P,b, cation (unexamined) No. 89642/1983). However. There 
,,,,es a disadvantage in that forming the micropores on the 
^.„;3_ of the polyester fibers of fine fibers causes 
deterioration , n tens i I e st rength of the polyester er 
,,,.selves and production of lint. Another wiping cloth 
P.„„.cedbycoatingthesurfaceof.he,,bers.ithasubs,ance 
Hav.nghydrophilicpropertyorwater-absorblngpropertvwas 
3 so proposed (Japanese Patent Publ icat ,on ( une.am , ned ) No. 
4M^-1982 ) However, in the case of this wiping cloth 
den,er of the fibers becomes large and there is a possib, I ity 
,ha^ the performance of removing fine dust is decreased 
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„e.,v -proved by appWin, a plasma trea,™en, c 
.„,:;,„ef, per. o, no, .ore, Han 0 8. en, er,n average 
::r::.al a,, propose. ..e.^^^ 

-^'T ":;:r;era:n:::r.n,a.,, 

„,hod extra f.ne f,bers ^ ^ ,,,,,, 

ob.a.nea ,.0.. 

,f f i r 1 ent as compared w i tn i ' 
nsiifticieni u * , , n f i he r s hav i n'3 

is^^::.. oon..en,...Herear.e. 

elLr.e « . b , o, non.oven . ab r , c p., ■ n. o .se 
loth IS Drone to produce I int. 

.,0 a wiDinq C Otn IS piuii^ 

^-■-■-"-■•"r;;;:;::::::"::r:^ 

i^-.h superior in removing fine ausi 
.,p ng cloth super, p^^^^, 

, and hardly produces ' 

.„,ned) - 7^ -^^^^^^ 

• — '"^^""^ " Tbre?ch oV Jch IS tor.ea by 

con.u.ate „n,3 

,,,cAlng a polymer conrponent A ,„„„u,,n, 

,„..s A composed ot the poly.er co.ponen, and 

^.o™-do. ":::::r 

^^''"TtlTr a the.bersathrou. 

"-''-""":°\r, ords, this. lp,n, cloth ™ade 

31 plasma treatment In other 



p " .La„ve,v s^an den.er composed of tne polv.er 

co..onent. A and B, and decroa.e -"^"^ ' , 
,,,p,esent invent, onutMizesthe invent, end, sc. ose 

^„ ,„,.,o,n. Japanese Patent Pub,, cation (une.an,nod. 
No H0471 /1M8. and has an object of providing a «,P, 
„t adeof non.ovenfabt,c,n.Mc.t.e.atet^absotb,n, 
l-,,sf.tbet.atd,vdetet,otated.it.a.(tbepasa 

I by adopt, n. a component containing a spec,f,c 

sub',tance as the polymer component A. 

Disclosure of Invent, on 
THe present , nven, , on P r ov i des a . , P i n. c , o t h made o , 
fabric produced by us,ng splittable conjugate 

::::::r;:.:h,sformedbyst,c.nga.^ 

,„„,„„..r A conta,n,ng - ' — ^ ' 7^ ' ^ , „ 

" -°° '""--;;:;::r:rin:r.et^r::.e. 

rp:::n:r:c:i:at:gf,bers A composed Of the polymer 
Tm lnt A and fibers B composed Of - PoiV^er compon^ 
e formed by e.fol,a„ng the st,c.,ng of he sp , ^ a - 
„ ,„„,ugate f,bers. and mod , f y i ng e « f o I , a t ed f aces f 

and the f.bersB through Plasma treatment. The 

,„;ent,ona,scprov,desamethodformanufacturingthe«,p,ng 

rio'h made of nonv^oven fabric 

T.espl,ttablecon,uga,e^,berusedin,h,s,nventio 

„ stormed by St, oMng the polyester polymer component A 
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,„„,a,n,n, Uo.ya I I ene„ vco , o, 2000 to 20000 in ™a.. 

SpeC.oexa^Pleso, ,.e s t , , .anne , a r e shc.n , n F , 
r:„. 3n.,.es„c.,n.™anne,isno,U.-.ed,o,hose»a™po. 

p„s , .0 4 ,s a ,r.nsve,se cross -f on o 
.^,,„,P„ con,u.ate t,ber, F„. 1 sho.s a splmab 
on,.a.<.e,,n..,cHap,u.a,,.o.po,V.e.oo™p^^^^^^^^^ 

nt R and the polymer components * and tn. 
PPl„™er component B, and ^ 
,„,„„er component B are stuck together. F , 2 

,,.„econiu.ate,.ber ,n.McH ,,ere a re a P I ur a 

. ^ . nir^al ity of polymer conponents 
o>po.yn.ercor.ponentsAandap!u,al,tyo ,,3, ,,31 

:::;::::::;r:;:;':::;::"::':;r, 

■"''rr:::::^::""^::::::..:". 
-'■•'■•;:;;;r;::r,:. • 

components A ana a p lateral sides 

u „^ ,n transverse section, and lateral 
he i nn wedge-shaped 1 n t ransve I . 

ri .ed.es are respect, ve , v st.c. to.et.er ,0 0™ 
„;.,,Me con,uoate f.ber be,n. crcula, as a «ho,e 

„ion F,g 4 shows a spMttable conjugate 
transverse section. fig- '+ rp;,rh 
.h,cr, a p^uraMt, ot polvmer components A (each 

po,v.er ecmponen t s A be , n. c , r cu , a r .ntransvers 
I.o.cn, .sstucK to an out e r c , r cumt e r en t , a , po - 1 , on 0. 

a po ymer component B. 
^ The polyester polymer component 
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polyoxyalkyleneglycol of 2000 to 20000 m mass average 
molecular weight and the polyolef in polymer component B are 
,nso:ohie in each other \r other words, the polymer 
component B is insoluble in the polymer component A. As a 
-esuit The polymer component A and the polymer component 
Barecasi ly exfol i at ed f rom each other at the st i ck ing po r t i on 
T^e polymer components A and B. If the polymer component 
A and the polymer component B are soluble in each other, 
The polymer components A and B w i I I be m i ng 1 cd i n each other 
and hardly exfol lated at the s t i c k i ng po r t i on of the oolvmer 
components A and B. The splittable conjugate fiber is 
general ly composed of the polymer component A and the polymer 
component B, however. ,t ,s also preferred that a further 
polyner component exists as a third component. 

The polyester polymer component A is produced by addinc 
polyoxyalKyleneglycol of 2000 to 20000 in mass average 
molecular weight to a po 1 yeste r po I yme r. 1 f a me r e po I ves t e r 
polymer wthout any such addition of polyoxyalkyleneglycol 
sused, There isa tendency that the water-absorbing oroperty 
not suf^ I cent IV given to the wiping cloth made of nonwoven 
fab'ic Specific amount of content is preferably in the 
range of 1.5 to 15 mass percent of the polyester polymer, 
and more preferably in the range of 3 to 10 masses percent. 
If the content is less than 1.5 mass percent, the 
wate r -absorbing property of the wiping cloth made of nonwoven 

fHbMC IS prone to decrease w:th time. On the other hand, 
The content is more than 15 mass percent, the fibers A 
forced of The polyester polymer component A are prone to 
be lowered in strength. It , s poss i b I e to adopt po 1 ye thy 1 ene 
. terephthalate. polybutylene terephtha I ate, or copolymer 
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pCyeste, of .h,ch ™a,n co.pcnenr ,s polyethvlene 
,er=phthalaTeorpolybL,tyleneterephthalateasthepclyestor 

p Ci I y n e r 

The mass average molecular weigM ot 
pclyoxyalkylenegiycol to be added is ,n the rahge of 200C 
,0 ZOOOO, and preferably ,n the range of 3000 to 10000 It 
nor desireo that the mass average molecular .eight is 
,,ss than 2000 because it is not possible to obtain the 
polyester polymer component A of .hich spinning efficiency 
.s.uperior «o r e s pec i f i ca I I y po I yoxya I ky I eneg 1 yco , ,s 
,.„..al ly added at the stage of manufacturing the polyester 
polv.er by condensing acid and alcohol (especially at the 
at-er half of the stage of , ha po I ytne r i za t 1 en )^ In the case 
,ha- The molecular weight of po I yoxya I ky I eneg I yco 1 is less 
.hat rOOO polvoxvalkyleneglycol easilv reacts on aco and 
,.c„Hol and consequently, <t is difficult to obtain the 
P„l^.. .ter polymer of ah, ghmolecular. eight, and the sp . nn i ng 
.^f cency becomes unstable. On the other hand, i* the mass 
3,.,-a,e molecular weight ,s more than 20000, the cloth is 
not desirable because water -absorb i ng property ,s not 
suf^icently given to the cloth to serve as a wiping cloth. 

Melting point of the polyester polymer component A is 
prererably m the range of about ,60 to 275 "C, and more 
p,efe^ably in,herangeofabout,80to 260 -C, 1 f the .e I t i ng 
point cf the polymer component A is more than 275 °C. there 
, possibility of occurring heat deccmpos i 1 i on of the 
pCvester polymer and the po 1 yoxya 1 ky , eneg I yco I a, the time 
otrelt spinning. On the other hand, if the me 1 t i ng po i nt 
s less than 160 X. there ,s a possibility of lowering in 
„pe.ation efficiency at the time of melt spinning. The 
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P0,n, of the pc,yo,e*,n po.y.er co^ponen, B 

:„„„„en,A, ™o.epreferaMv. , c.e . than the , t , n. po , n 
,east30t;. and ™os t P r e f e r ab , y , c«e r t han , he U , no 
a, , east 50^. Th,s , s because »hen heat , na to 
,ttah,e oon.u.ate nhe.s the.ehy fc.in. heat^ on e 
l,3,„H,oh,hespMttah,eocniu.atef,bersareheathonded 
l3„othe. ,t,3poss-,h,etosoneno,™e,ton„thepo ,™e. 
:.ponentB.h,,e.eep,n. the.h. ot thePO.™. 

_ponont A as ,t .s ..thout soften, n, and - 
t.erefo.e the f , he ,s opposed of the po , v^e . co.ponen 
3,. , eft even ,nthe heat-honded areas, and ,t :s possible 
obta,nastton.«,p.nac,oth ™ade of non.oven fabt, 
,fthe™e,„n,po,n,of thepolv^e, =o™p 
,,.,,he™e,t,n.pcintofthepo.y.eroo™ponen,Ba.ea™ 
:;_,.3 the whoUheat-bonaed areas are ™e„o.so-ten 

,3 lowered in the heat-bonded areas, and ,t d,^ 
obta.nastron. wipin. Coth «de of non«oven fabr 
, ,,.,e ,s a ,ar,e difference between the ™e,t,na PO,n 
,,,p„,y.er component A and that Of the pouter co.ponen 

nore:a.p:e.ad,fferehoebet«eenthe.e,tin,po,nts.o. 

. .t beco.as diff.cult to ™-ufa e 

3 , ab,econiu.atef,bers through .e „ sp i nn , h, ™e t ho . 
„ preferred that po i vpropv I ene. hi,h-dens,tv 
' " ; , , linear ,o«-dens,tv 

DO 1 yethy I ene, , 
^„,„,,,„„e-ethv:ene-propvUne oopo,v«r, or the 
3.e adopted as the po I ,o , ef , n pc I y.e r components. 

,„ ,,,3 invention, each of the .elting po.ntsof 

d anH The polyolef in polyme' 
polyester polymer component A and the po 



„ X/..n us,ng a d,nercntia, calorimeter (DSC-2, 

™-^7::::r:::r'-^.-^".,.,e..... 
-7r\:rar;::::::e;in^^^^^^^^^^^^ 

component A It is ais p H.lustering aoent, 

,rtd,Mves such as lubricant. p.9ment, delustenng , 

■staP.Mzer. . „ht resistance a.en,. u.traviCe 
3n,is,at.a,ent, conduct , ve a.ent, and therma 
..ora.oa,en, are added and contained. Hnecessar. 

preterred that the po , yo , e, i n po, y.e r also contain, 

^--:;:::::;r,;:::;:;r:::^3..^eproport n 
-:;:::e;::;:dt::\:;;:r::: 

.ihPr It IS. however, mo r e p r e t e r r 

. : polymer co.ponent A U larger than that 0, the polvme 
B. This is because the polymer cor.ponent 
.nrains polyoxyalkyleneglycol 

„, performs improvement 

"""-'^^'""^""'^^/l.ipingciothmadeotnon^oven 
«a,.r-absorbingpropertyof the.iping 

,° , ,,he melting point of the polymer component B, - 

- ^„,,,,,„,e,o.erthanthat of the po I y.er componen 

- V, . certain degree and the splittablecontugate .iber. 
^ r combined one another by heat bonding of the Po Wmor 

— nte. it IS preferred that 

polymer component A ,o the polymer component B i esfab 

stoMo.s- polymer component ^ : po I yme r component B - TO . 
as fo. lows, po y , „„ the polymer component 

30to 20:80. If themassproportionofthepoly 
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,,,,es.1han30«ass parts. ,He sp U nab , e con , . e , b 
."no, ..n,c,en„vco™.,ne.one anC.e. an. „ beco - 
,„,cun,ooMa,naw,p.n,c,o,hMh,.h,ensMestre„..h. 

.a^a, ,.,...assp.opo.,o.o. ,.e poU.e. 
B -s^ore ,Ha. 80™ass parts, the spMna - 
,,.,.,ate fibers are strong,, heat bon.e. one --^^ " 
,,Aeat« areas are turned, nto a tH.-n.econa, 
. ,„,esaretor™e. .s a r es. , t . t be ob, a i ned » , P , n, o o, . 
Latenaencv to be , nsutt i c i ent . n tens , , e st ren.t . 

:,espl,ttab,eccn,u,atet,berused,ntb,s:nvent,c,, 
,3..ee,tbercont,nuoust,ber(fMa™ent)ordiscont.n.o.s 

cor exa.pie, staple f.ber). In genera,, 
^,;,^„,,,,3ttbesp,,t,ab,econi..atet,berlscont.nuo 

, snore rational t o ™anuf ao t u r e a „ P , n. o o t . 
rotnon,o.entabr,eb.ae...at,n,tbeoont,n.o.t, e.s 
.,evareasc«pared„tb»anutactur,n,a. p nOC,^^ 
„.„„„.entabr.attercutt:n,tbe continuous., 
.,.cont,nuoust,bers. , t , s poss i b , e t o use t be so I , . t ab 

an.t,neness^ bo.e.e^. - — 

------ '^=^^"^^°Vte",r:: ess - -en,er. 

. the spl ittable conjugate fiber 
; J. and/or t be „ be r B p r oduced bv -Mtt,n,ten 
, ".^esstban 0.06 denier ,nt,neness. and suob f , ne t , b 

. roar, seaproble™off,berbreakage and occurrenoe 
I s orone TO ar I se a pi ^ ^lir + ahle 

. Ontbootberband. ,ftbet,nenessottbesp, .t 

- „er,s™cretHan ,2 den, ers. tbe be r A and/or 

:::;L,Balsobeco™e,ar.einf,neness. and tbe pe r t o r „nce 

■ n f,ne dust is prone to be lowered. 
' 'T;b:;;;:n:o,otb.adeotnon.oventabr,oaoeord,n. 

.He invention. „ i s pr et e r r ed tbat tbe t i be r s A and tbe 
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fibersBaremerelyaocumulated. ho.ever^ , , , s mo r e p r e f e r r ed 
rhat they are substantially entangled .,th one another ,n 
three dimensions. This is because the t h r oe - d i „en s i ona I 
en-anglement i no r eases t ens , i e st r engt h o f the , i p i ng c 1 o th 
Tnis substantial three-dimensional entanglement does not 
^ean three-dimensional combination formed by merely 
accumulating the fibers but means entanglement in»hichsho»s 
a certain improvement in tensile strength is achieved by 
means such as .ater needling or needle punching. 

In the case of producing a wiping cloth made of nonwoven 

fabric provided .ith both heat-bonded areas and areas not 
hPat bonded using the splittable conjugate fibers ,n which 
-he melting point of the polymer component B is lo.er than 
, he melting point of the po 1 ymer component A, it ispreferred 
-ha, the fibers A and the fibers B existing in the areas 
no, heat bonded are no, ,h r ee - d i mens i ona I I y entangled with 
each other This is because, in this case, the sp 1 1 1 tab I e 
conjugate fibers are heat bonded with each other in the 
-bonded areas, thereby a sufficient great tensile 
Mrength is given ,o the wipmg cloth. This is further 
because it i s poss i b 1 e to g i ve more softness or flexibility 
,c the wiping cloth when the fibers A and the fibers B are 
ro, rhree-dimensionaily entangled with each other, 

IP the wiping cloth made of nonwoven fabric provided 
.i,h both, he heat-bonded areas and the areas not heat bonded, 

possible for the heat-bonded areas to take any 
configuration. For example, it preferred that the 
heat-bondedareasbeingcircular. triangular, oval. I-shaped. 
«-snaped, rhombic, quadrilateral and so on are scattered 
all over the wiping cloth made of nonwoven fabric m the 
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..r,of scattereddcts. It , s a , so p ref e r r ed t ha t be , t - I , k e 
.ea.^bonded areas be placed ,n the Icng.tudinal direct, or 
or n ,he trarisverse direction of the .iping cloth made of 
.on.oven fabric. Furthermore , t , s a , so p r e f e r r ed t ha , 
attice-shaped heat-bonded areas are arranged on the «hole 
wiping cloth of ronwoven fabric In the case that the 
Heat-bonded areas are arranged , n t he f o r . of sea 1 1 e r ed do t s , 
each heat-bonded area has preferably an area in the range 
of about 0, 1 to 3. 0 m.^ The total of the heat-bonded areas 
,,,ferablv occupies in the range of about 2 to 50 % of the 
surface area of the «ipin9 cloth of non«oven fabric, and 
,ore preferably ^n ,he range of 4 to 20 S. In the case of 
a, ranging belt-like or 1 at t i ce- shaped h ea t - bonde d. »idth 
„,theben-likelinesorthatof the lines forming the lattice 

preferably in the range of about 0. 1 to 5 mm. and ,t is 
.,e^"rred that the lines are spaced a«ay from each other 
,n interval of approximately 1 to 10 mm. If the total 
of ,he heat-bonded areas is over the mentioned range, the 
,otal of the areas no, heat bonded is reduced, and there 
, ,,atcndcnoyforthe.ipingclothtobepoor i n dust - remov i ng 
cer^ormance. In other .ords. dus, is mainly removed by the 
,,bers A and the fibers B existing in the areas not heat 
ponded, and therefore the dus t - r emov i ng performance tends 
,0 oe reduced as the areas not heat bonded become smaller. 
,f rheheat-bondedareasare smaller than thementioned range. 

,he.ipingclo,hofnon«oven fabric has a tendency of lo«er,ng 

i-s ^ensile strength. 

A plasma treatn,ent ,s applied to the exfoliated faces 
of ,he f.bers A and the fibers B forming the .ipmg cloth 
„ according to the invention. Unevenness is formed or 
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.,crof,br,ls are produced on the exfohated faces of The 
.;,ersAand,hef,bersB^ Therefore, t he ex f o , - a t ed f a ce . 
,,.,er surface areas as compared .ifhnc-exfo'.ated 

0- the t^Pers A and the fibers B and appl-mg plasma 
/,ea,™enf tc the exfCated faces .reatly ,r,creases the 
.atar-absorb,ng property of the f i be r s A and t he f , ba r s B 
o.her .ords, a group conta,n,ng oxygen such as carbony, 
carboxy,. hydroxy, orhydroperox.delntroducedbvtheplas.a 
,,,,,„ent,s,ntroducedinto,heexfo,,atedsurfacescf»h,c, 
,.rfaceareahasbeen,ncreased. Furthermore, insomecases 

3re for.ed by the plasma treatment, thereby the 
„,er^absorb,ng property of the f , bers A and thef.bersB 
argelv ..proved. The plasma treatment is carried out 
,,,ntroduc,nganaocumula,edstuffcomposedbyaccumuiat,on 

nbers A and the f ,bers B ,nto a plasma -eactor 
;He-efore^faplas.atreat.ent,sapp,,edtotheexfol,a,e 

,Hef,bersAandthef,bersB, , he not - ex f o , , a t e 
,,,, 3 „t the fibers A and, he f, bers Bare also treated »,th 
Plasma treatment as a matter of course. The.e,ghtper 
, ...are meter of the . , P I ng = i o t h made of non.oven f ab r o 
,..,cording to the , nvent , on, .hioh can .e f r ee I y dec , de 
approximately ,n the range of ,0 to 200 g.'mMn genera , 

, .referred method for manufacturing the wiping cloth 
,.de of non.oven fabric according to the invention is 
, hereinafter described. First, the mentioned spilttab e 
coniugate fibers are accumulated to form a non.oven web 
,n the case that the spiittable coniugate fibers are 
„3,„,,,„.ousf,bers, any pub I i c I y Kno.n me t hod such as c a r d 
.etnodorrandom.ebbermethodoanbeusedtoformthenon.oven 
,n the case that the sp.ittable conjugate fibe-s are 
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eor,,nuous f,.e,sor f, laments, any pub I , 0 , y ^no.n .ethod 
..c. as spunbond process can be used ,c for™ the non.oven 
.eb Described be I c* ,s a method for obtaining a nonwcve' 
,»b by spunbond process. The polymer component A anc the 
peWmer component B are fed to a conjugate melt sp.nh.n. 
apparatus, and d , scha r ged f r o™ a con , uga t e sp , nne r e t . Then 

I it, able conjugate continuous fibers (not drawn yeO each 
c, ,hirh IS formed by sticking the polymer component A and 
,bc polymer component B together are spun out. The spun out 
.ontinuousfibersarecooledand.ntroduced.ntoanair sucker. 

T,e a-r sucker. .h,ch i s a I so ca i I ed an a , r jet in general 
, s used to carry cent inuous f ibers and draw cont inuous f ibers 
,ucking and sending a,r The continuous fibers ^ed to 
,He air sucker are conyeyed to an outlet of the air sucker 
.hi ,e being drawn, and the con t i nuous f i be r s are turned into 
.plittable conjugate continuous fibers by completing the 
awing Then, an open i ng mach i ne located at the outlet of 
•He air sucker opens the split, able conjugate continuous 
,,bers Any publicly known conventional method such as 
.orona discharge or t r i boe I ect r i f , ca, i on is adopted for 
,he fibers. The opened spllttable conjugate 
.cntinuous fibers are accumulated on a mo»,n, collection 
conveyor of wire mesh or the like, thus a non.oven web ,s 
formed 

Next asplittingtreatment i s app 1 , ed to , h , s nonwoven 
.eb Since accumulating spiittable con jugatc f i bers forms 
.henonwoven.eb, t he f i be r s a re no t comb I ned . i t h ea ch o t he r 
,,,„e tensile strength isextremely low. It istherefore 
„,,essarv to combine or entangle the sp I , t t ab I e con . uga t e 
3 ,,bers with each other in order to g i ve a oe r t a , n t ens , 1 e 
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.uength to the nonwoven web. However, when adoot.ng water 
needling or needle punching as the spl .tt.ng treatment, it 
becomes possible to spMt and entangle the fibers at the 
sarps Time, and therefore combining or entangling the 
.clittable conjugate fibers with each other can be orrtted. 
It also possible to apply a partial temporary Dressing 
to The nonwoven web ,n view of , mp rov i ng eas i ness in handling 
a-^d transferring the nonwoven web at the t^me of applying 
the water needling or needle punching thereto. Generally 
,n this temporary pressing, t he sp i i 1 1 ab I e con j uga t e ^ i be r s 
weakly heat bonded w.th each other, and water needling 
or needle punching easily loosens this heat-bonded state. 
,,,er needling is a treatment in wh i ch a p . M a r - shaped f I ow 
.f liquid having a high kinetic energy is bumped on the 
nonwoven web, and the spl.ttable conjugate fiber.s in the 
nonwoven web receive a shock of the pillar-shaped flow of 
nquid Accordingly, the splittable conjugate fibers are 
split into the fibers A composed of the polyr^er component 
A and the f ibersBcomposedof the polymer component B. Thus 
the k netio energy of the pMlar-shaped flow of liquid is 
applied to the fibers A and the fibers B, and the fibers 
are three-dimensionally entangled with each other. On the 
o^hcr hand, needle punching is a treatment ,n which a needle 
P,erces the nonwoven web many times. The needle bumps the 
spl .ttable conjugate fibers, and consequent I y the sp I i t tab I e 
con.ugate ribers are split into the fibers A and the fioers 
B. and the fibers are moved by the needle, thus the f loers 
arc Three-dimensional ly entangled with each other. 

In orders to give a certain tensile strength to the 
nonwoven web. the spl ittable conjugate fibers are combined 
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.,th each other .n some cases. As a typical means for 
co^Dining the spl.ttable conjugate fibers «.th each other, 
heat-bonded areas are formed by heat bonding the spl liable 
conjugate fibers together. m this case, by sfckinc 
Together the polyester polymer component A having a hign 
nelting point and the polyoief in polymer component B having 
a low melting point form the spl.ttable conjugate fibers. 
And at least a part of the polymer component B is exposed 
on :h9 surface of the splittable conjugate fibers. Then 
the nonwoven web is introduced into an embossing aoparatus 
comprised of a heated embossing roll and a flat roll or an 
e.bossing apparatus comprised of a pair of heated embossing 
,oMs Protruding part of the embossing roll is pressed on 
T^enonwovenwebd.e.. t he nonwo ve n web i s pa r t i a I I y h e a t e d ) . 
whe^eby only the polymer component B of the splittable 
coniuqate fibers is softened or melted, and the splittable 
conjugate fibers come to be heat bonded with each other 
Thus a nonwoven fleece having a certain tensile strength 
,sobtained. 1 n t h i s nonwoven f I eece, the re a re hea t -bonded 
eas ,n wh I ch the spMttabie con, ugate fibers are heat bonded 

,,th each other and areas not heat bonded in which the 
splittable conjugate fibers are not heat bonded with each 
other in general, ,t ,s preferred that the embossing rol I 
;s heated at a temperature not higher than the melting point 
, of the polymer component B in the spl.ttable conjugate ^iber. 
,f .he embossing roll is heated at a temperature higher than 
the melting point of the polymer component B, there is a 
possibility that the splittable conjugate fibers ,n the 
Heat-Ponded areas melt excessively and holes are formed on 
. the heat-bonded areas. The end f aces of the pro: rud ing pa rt 
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of The embossing roll can be of any form. That is. the end 
f snes can be ova I , rhombic, Triangular. T-shaped, #-shaped 
or laTTice-shapedso that The heat- bonded areasmay be formed 
iiTo any des I red conf igurat ion. It i s a I so p ret o r r ed to use 
■) an jiTrasonic bonding apparatus comprised of an uneven rol I 
and an oscillator instead of the mentioned embossinrj 
^^pparatus as a matter of course. 

Splitting IS applied to the nonwoven fleece obtained 
by partially heating the nonwoven web. It is possible to 
10 use The mentioned water needling or needle punching as 
specific means of the splitting. In this case, the 
splittable conjugate fibers existing in the areas not heat 
bonded are split into the fibers A composed of the polymer 
oomoonenT Aand ThefibersBcomposedof thepolymer component 
I: B. Then The f i be rs A and the f i be r s B a re t h ree-d i mens I ona I I y 
ertangledwitheachotherbywaterneedlingorneedlepunching. 
! t IS also preferred to adopt means of carrying out crumpi ing 
treatment by applying a h i g h - p r e s s u r e jet to the nonwoven 
fleece. The high-pressure jet can be easily appi led to the 
W) nonwoven fleece by putting the nonwoven fleece 'n a 
h i gh - p r essu re jet-dyeing machine generally employed in 
dyeing In this case, the splittable conjugate fibers are 
spj It intoThefibersAandthefibersBbycrumplingtreatment, 
and ^he split fibers A and B are entangled with each other 
(\) to a certain degree. Such a entanglement is, however, a 
three-dimensional entanglement looser than that obtained 
bv v*ater needling or needle punching. 

It IS also preferred to adopt a buckling treatment as 
meansofsplitting. ThebucklingtreaTment isusedtobuckle 
3(] the nonwoven f I eece. Mo r e speci f i c a I I y , adopted i s a rrethod 
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,n «h,ch the nonwoven fleece ,s introduced ir,to a pa,, ot 
,.|,s at a speed higher than a discharging speed so that 
,henon,oven fleece introduced fro™ the rolismay be buck. ed. 

,s an apparatus for conducting such specific means. ,t .£ 

possible to use Microcreper manufactured by Wicrex Co. 

cmm Machine manufactured by Uenoyaraa Kiko Co , l-td. or 
i,ke In the buckl ing treatment, the split fibersAanc 

B are not substantially entangled «ith each other in three 
,i„e,sions This is because energy causing the fibers A and 
tre fibers B to entangle with each other is not applied in 
,ne buckling treatment. Accordingly, the wiping cloth of 
„on,oven f a b r i c ob t a ined by the buckl ing treatment is soft 
Mexible and suitable for a wiping cloth because the fibers 
, and t^e fibers B existing in the areas not heat bonded 
..e no, substantially entangled with each other in three 
dimensions. 

The spl.ttable conjugate fibers are split into the 
.,bers A and the fibers B, and f ■ nen ess of e 1 1 he r t he ' i be r s 
A 0. ,he fibers B is preferably in the range of about 0,0. 
.0 1 5 denier. For example, if the splittabis conjugate 
<ibers having a transverse section as shown ,n Fig, 1 or 
F,g ., are used, fineness of the fibers A is preferably in 
,He range of about 0.05 to 0,5 denier, and fineness of the 
,,b.,sBispreferablyintherangeofabout1.0to2 Odeniers. 

,t ,he splittabie conjugate fibers haying a transverse 
section as shown inFig, 2 o r F , g. 3 a r e used, fineness of 
fibers A and fibers B is preferably in the range of 
abou, 0,05 to ,5 den.er in. Split rate ,n splitting the 
spl , .table conjugate fibers is no, always necessary to ba 
,00. split rate of not , ess than about 50% i s suf f . c , ent , 
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:iThespl.t rateotno: | ess t han abou t 70% . s mo r e p r e f e r r ed. 



"^he sp! 



rate iS measured in the following manner. Tha^ 
some of the areas where sticking state of the sp i i 1 1 ab I e 
conjugate fibers is exfoliated (split) are sampled and 
observed using a scanning e I ect ron m i c roscope. Percentage 
of portions where the polymer component A and the polymer 
component B are extol lated ,s observed, and an average value 
of the percentages is obtained, thus the split rate being 
measu red. 

After spl itting the sp I i t tab I e con j uga te f. hers m the 
ponwoven web or the nonwoven fleece, a plasma treatment is 
applied. The plasma treatment is a treatment carried out 
by exposing the nonwoven web or the nonwoven fleece into 
3 substance ,n a plasma state. The plasma state is a state 
,n which, by apply. r.g a high voltage to the inert gas or 
heating the inert gas at a high temperature, an ine^t gas 
d;ssociated into negatively charged particles and 
positively charged particles or is excited. From the 
,ndustrial point of view. it is preferred to adopt a 
,ow-temperature plasma treatment m which a high voltage 
, appMed to an inert gas. In the application of a ..gh 
.ol^age >t is preferred to adopt spark discharge, corona 
i:s.harge, glow discharge or the like, and among them it 
,s.ost preferred to adopt glowdischarge from the industrial 
point of view, The pressure of the inert gas in a vessel 
.he ^ime of applying a high voltage is preferably not 
,ore than about 66. 5 hPa. and more preferably -n the range 
of 0.013 to 13.3 hPa. The time of the plasma treatment is 
preferably m the range of about 1 second to 5 minutes. 

The inert gas used in the plasma treatment can be any 
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nas on condition That the gas itself is not polymerized when 
high voltage IS applied. In other words, it is possible to 
adopt any gas on condition that the gas is negatively and 
oosiitively charged or excited and acts on the object to be 
r "reated ^the nonwoven web or the nonwoven fleece) without 
polymerization of the gas itself As is clearly understood 
froT) the foregoing description, the gas itself is not 
pclymerized under high voltage, and therefore the gas is 
referred to as inert gas in this invention. Specific 
'. ] examplesofthe inertgasareargon, nitrogen, hel ium, oxygen. 
aTmonia. air and so on. It is especially prefe'-red to use 
argon as the inert gas in this invention. This is because, 
when using argon as the inert gas, a group containing oxygen 
IS introduced into the exfoliated faces of the fibers A and 
1) the fibers B and cracks or flaws are easily formed on the 
exfol lated faces, and the hydrophi I ic property of the wiping 
cloth of nonwoven fabric is largely improved. As the plasma 
treatment apparatus, a glow discharge apparatus is general Iv 
used (pages 180 to 182, Fundamentals and Application of 
'0 High Polymer Surface ( I ) edited by Yoshito IKADA and 
published by Kagaku-Dojin Publishing Co., Ltd.). 

By applying the plasma treatment as described above, 
surfaces of the split fibers A and B (both the exfoliated 
faces and the no t - e x f o I i a t ed faces) are modified, and the 
wa t 0 r - abso rb i ng property is improved. As unevenness or 
microf ibri is are formed or produced on the surfaces of the 
exfo! latedfacesbyspl itting, surfaceareaof theexfol iated 
faces IS enlarged as compared with the not-exfol lated faces, 
and thus advantages brought about by the modification by 
iC the plasma treatment are remarkable. More specifically. 




this modification brings about such advantages that a group 
CO -training oxygen such as carbonyl, carboxyl, hydroxy or 
hydroperoxide is introduced into high polymers forming the 
fil-ers A and the fibers B or that cracks or flaws are formed 
on the sur faces of the fibers A and the fibers B. As a result 
of such modification, the wa t e r - a bso r b i ng property of th^ 
'Piping Cloth of nonwoven fabric formed by accumulating the 
fibers A and the fibers B is improved. The wiping cloth made 
of nonwoven fabric according to the invention is obtained 
through the appi ication of the foregoing plasma treatment. 

Brief Description of Drawings 
Fig 1 shows an example of a transverse cross section 
o+ a splittable conjugate fiber according to the presen"!- 
p\'ention. Fig. 2 shows another example of a transverse 
c-foss section of a splittable conjugate fiber according to 
"he I nvent I on. Fig. 3 show s a f u r t he r e x amp I e o f a t r a n s ve r s e 
cross section of a splittable conjugate fiber according to 
the invention. Fig. 4 shows a still further example of a 
Transverse cross section of a splittable conjugate fiber 
according to the invention. In each drawing, reference 
character A indicates the polymer component A, and reference 
character B indicates the polymer component B. 

Best Mode for Carrying Out the Invention 
The invention is hereinafter specifically described 
on the basis of preferred embodiments. Note that the wiping 
cloth made of nonwoven fabric according to the inventiof" 
and the method for manufacturing the wiping cloth made of 
nonwoven fabric according to The invention are not I imited 
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to ihese preferred en,bod...ents. Measu rement ar^d e va 1 uat , op 
of each property or cha racte r , st . c in each of the examples 
were carried out in the following manner, 
rwelt Index of Polymer Component B] : This was measured at 
a Temperature of 190 X: in conformity to the method desc r i bed 
,n ASTM-D-1238(E). 

[Water-absorb, ng Property of Wiping Cloth Made of Nonwoven 
FabMc]: The measurement was carried out in conformity to 
.lis L 1 096 A method (dropping water method). 
[Deterioration with Time of Wa t e r - a bso r b i ng Property of 
W I p. ng Cloth Made of Nonwoven Fabric]: The w i p i ng c I o t h ma de 
nonwoven fabric was put under an atmosphere of 25 ^, and 
the water-absorbing property (dropping water method) was 
measured every twenty day. 

■Removability of Wiping Cloth Made of Nonwoven Fabric]: A 
l;qu,d iwater and alcohol) was dropped on a vinyl plate, 
l.ghtly wiped with a wiping cloth made of nonwoven fabric 
of approximately 10 cm square, an d r emo vab i I i t y wa s e va 1 ua t ed 
fro. the Mqu.d I e f t 0 n t h e v . n y I plate. The e va I ua t i on was 
a nvnthetic judgment of a test in which 0. 5 cc of the liquid 
was dropped on the v.nyl plate and another test :n which 
2 0 cc of the liquid was dropped on the vinyl plate. The 

.emovab.lity was evaluated in the following four grades. 

n-^ The liquid was scarcely left, C: The I i qu i d wa s s I i gh t I v 

left L- The I i quid was considerably left, X: The I i qu i d 

was almost left. 

Compa rat i ve Examp I e 1 
Polyethylene te r ephtha I ate containing 5 mass % 
polyethylene glycol of 6000 mmass a ve rage mo 1 ecu 1 a r weight 
. was prepared as the polyester polymer component A. Melting 
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pent of this polyester polymer component A was 250 °C and 
,elai,ve viscosity was 1.49 at 20 T when the polyester 
polyner component A was dissolved with a solvent prepared 
pymxing equivalent amounts of t e t r a ch I o r e t h ane and phenol . 
Or the other hand, high-dens.ty polyethylene, of which 
..elting po.nt was 127 V and .elt index wa s 20 9 / 1 0 n, , n. , 
was prepared as the poiyolefin polymer component B The 
pMyn^er component A and the polymer component B were 
resoectively melted and introduced into a conjugate 
sc.nneret. The adopted conjugate spinneret was provided 
with 210 conjugate spinning holes each being configured so 
that a splittablo con j ugate f , be r having a transverse cross 
cection as shown inFig. 1 .s obtained. A con j ug a t e sp i nn i n g 
.achine ,n which the conjugate spinneret has four spindles 
wasused , n con j ugat e me I t sp , nn . ng. Con j uga t e sp i nn i ng wa s 
earned out under the conditions that the emerging weight 
p,,ho,e ,sl.3g/min. an d t he con j uga t e r a t i o [the polymer 
component A / the polymer component B (proportion in mass)] 
1 4/1 The temperature of the polymer I ine was 285 

polymer component A and 230 T for the polymer 
component B, and the spinning temperature was 285 

Next, after coo I . ng f i 1 aments spun out of the conjugate 
cpinreret with a cooling apparatus, these filaments were 
.rawr out at 4000 m/m,n. by means of air suckers placed 15C 
; c. be low the spinneret. The sp 1 i 1 1 a b I e con j uga t e con t i n uou s 
fibers were opened with a publicly known opening machine 
and accumulated on the moving collection conveyor of wire 
.esn, and thus a nonwoven web was obtained, This nonwoven 
web was approximately 45 g m weight per square meter, and 
: fineness of the splittable conjugate continuous fibers 



24 



to..,nc,thencn,oven.eb.asapprcx,™a,elv3den,ers^ After 
,.3, „,s non.oven .eb .as introduced into an e.boss,r,e 
..epararus con,pr,sed of an engraved roll (emboss, n,, roll, 
h.ated at 122 V and the flat roll heated at 122 f. The 
heat-bonded areas vera formed by pa r t i a 11 y app I y i rtg a heat, 
t.us a nonwoven fleece «as obtained. The heat-bonded areas 
are areas. n which the splittable conjugate continuous fibers 

.re heat bonded one another due to softening or melting of 
,.e polv^er component B. The areas to .hioh heat was not 
applied are areas not heat bonded in which the splittable 
roniugatecontinuousfibersaranot combined. ithone another 

t,, merely accumulated. Each hea t - bonded a r ea was 0. 68 mm 

of the heat -bonded areas occupied T. 6 of ^he surface 
,,,,, nonwoven fleece ,n terms of area, and dens , t y of the 

^eat-bonded areas was IB. 0 places.'cm'. 

Next, thementioned nonwoven fleece having heat-bonded 

areas was fed to Microcreper I manufactured by Micrex Co 
reapply the buckling treatment, t he s t i c. i ng c f t he po I yme r 
,,„„,„en, A and the polymer component B ,n each of the 
spMttable conjugate con t i nuous f i be r s was exfol iated, anc 
,,,, fibers A composed of the polymer component A and 

„ef,bersBcomposedofthepolymer component Bwere revealed. 

The non.oyen fleece was fed to Microcreper , manufactured 
b,,,crexCo. atlOOm/min. i n work i ng speed. , n th , s manner , 
, 3 nonwoven Cloth was obtained, and i n wh i ch the hea t -bonde 
areas are scattered and the fibers A of approximately 0.3 
d.nier ,n fineness and the fibers B of approximately 1.3 
;,„,er ,n fineness are revealed at least ,h the areas not 
j-ea, bonded Wa t e r - abso r b , ng property, deterioration in 
, .ater-absorbingpropertywithtime. and r emovab , M t y of th , s 
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.on.oven ,abMC .ero then evaluated Table 1 sbo«s the 

results 

Comparanve Example 2 
Ka terneed M ng «as app I . ed to the non»cven «eb obta mec 

n the forego, ngCon,parativeExan,ple,. each of t he sp li 1 1 ab I . 
coniugate continuous f.bers »as split, and the produced 
t,bPrs A andB «ore , h r ee-d i mens , ona I I y en t ana I ed . : t h each 
.,hor The water needling was earned out under the 
^.ono»,n, conditions. A p , I I a r - shaped flow of 

pressure .ater C7.84«pa ,n pressure) was injected to 
,He non.ovan web fro. a die comprised of three rows of 
action no, es. , n wh i oh t he ho I es a r e 0, 1 2 ™ i " d i ame t e r , 
.„0 number and n 6 « in pitch The nonwoven web was 
I, ,ced on a screen of 16 meshes, t r ans f e r r ed a t 10m/m,n.. 
Ind a d, stance between the infection holes and the nonwoven 
web was estabi ished to be 80 mm. After carry ,ng out the water 
,„,iling the nonwoven web was mangled with a mangle roll 
and dried, thus a nonwoven fabric was obtained. In th,s 
nonwoven fabric, the f.bers A of approximately 0, 3 denier 
,p oneness and the fibers B of approximately 1.3 denier 
,„ .,.eness were formed, and the fibers A and the fibers 
p .ere three-d i mens i ona I I y entangled with each other 
,ater-absorP,ng property, detriorat.on , n wa t e r - abso r b , ng 
,,„,erty with time, and the removability of this nonwoven 
, ,3br,c were respectively evaluated. Table , shows the 
r 0 s u 1 T s 

Comparative Example 3 
Needlepunohingwasappliedtothenohwovenwebobtained 

„theforegoingComparat,veExample1.eachofthesplittable 
„ coniugate continuous fibers were split, and the produced 
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f ,bers A and B were t h r e e - d i mens i ona I 1 y entang I ed w i th each 
other. The needle punching was carried out under the 
following conditions. RPD36# manufacTured by Organ was 
employed as needle, and the needle punching was carried out 
St fiO times / cm^ in needle punch density. In the obtained 
nonwoven fabric, the fibers A of approximately 0-3 denier 
,n fineness and the fibers B of approximately 1.3 denier 
,n fineness were formed, and the fibers A and the fibers 
B were th ree-d i mens i ona II y entangled with each. The 
water-absorbingproperty, deterioration i n wa t e r - abso r b i n g 
property with time, and the removability of this nonwoven 
fabric were respectively evaluated. Table 1 shows the 
r es.j 1 t s. 

Comparative Example 4 
A nonwoven fabric was obtained through the same method 
as ^hat in the foregoing Comparative Example 2 except that 
poivethylene glycol .s excluded from the polyester polymer 
component A used m Comparative Example 2. The 
water-absorbingproperty, deterioration , n wa t e r - abso r b i ng 
propertv with age, and the removability of this nonwoven 
fabric were respect i ve 1 y eva 1 uated. Tab 1 e 1 shows t he r e su 1 t s. 
As the result of excluding polyethylene glycol from the 
polyester polymer component A used in Comparative Example 
2, the melting point of the polymer component A was 263 °C 
and the re i at i ve vi scosi ty was 1 . 38. 

Example 1 

Low-temperature plasma treatment was applied to the 
nonwoven fabric obtained in the foregoing Comparative 
Example 1 under the f o 1 I ov. i ng cond , t i ons. thus a w , p ing c I ot h 
made of nonwoven fabric was obtained. The water -absorb ing 
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p.cper.v, deterioration , n « a t e r -abso r b i ng property .,th 
„e anOthere™ovabMityofth,s.,p,ngclothnadeofnon.oven 
/abr.c .ere respectively evaluated. Table 1 shows the 
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Cond i t i ons 

Treating apparatus: Manufactured by Santo-tekko Co . Ltd. 
S„3,,.3,,ed low-temperature plasma testing machine 
'requency : '3-56 MHz 

F I ecT r I c DOwer 200 W 

inert gas ■ ^^^9°^ ^ 200 ml / min. in flow rate) 

Treating time 30 seconds 

Pressure of inert gas : 1. 33 hPa 
Example 2 

Low-temperature plasma treatn,ent was applied to the 
nonwoven fabric obtained in the foregoing Comparative 
E.a.ple ? under the same conditions as that in the foregoing 
Fxample I thus a wiping cloth made of ncnwoven fabric was 
.btainod. The water-absorbing property, deterioration in 
„ter-absorbing p r ope r , y . i t h t , me. and the removability 
Pfth.s. I pingolothmadeofnonwovenfabricwerc respectively 

eva:u3ted. Table 1 shows the results. 

Example 3 

Low-temperature plasma treatment was applied 'o the 
nonwoven fabric obtained in the foregoing Comparative 
Example 3 under the same conditions as that in the foregoing 
Example 1. thus a wiping cloth made of non.oven fabric .as 
obta.ned The .a t e r - abso r b i ng P r ope r t v. deterioration in 
.ator-absorbing property .ith time, and the removabil, 
of tn IS wiping clothmadeof non.oven fabric were respective 

, evaluated. Table 1 shows the results. 
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Examp I e 4 

A .,p,n<, cloth made of non.cven fabric obtained 
=an,e method as that in the foregoing Example 2 except 
*„r us.ng polyethylene t e r eph t ha I a t e containing 10 mas. 
oeroent polyethylene glycol of 6000 inmassaveragemolecular 

weight as the polyester polymer component The 
„ter^abscrbingprcperty, deterioration i n »a t e r - abso r b , ng 
p,„,,,,.„htime, andtheremovabilityofthiswipihgcloth 
„3dc of non.oyen fabric were r espe c t i v e 1 y e va 1 ua t eO, Table 
, sho.s the results. The melting point o. the poUester 
polymer component A used i n th , s examp 1 e .as 248 =C and the 

r e I ai 1 ve v i scos i ty was 1 . 64. 

Examp I e 5 

A ,,p,ng cloth made of non«oyen fabric «as obtained 
„ ,ne same method as that in the foregoing Example 2 except 
,cr using polyethylene t e r eph t ha 1 a t e containing 1.0 mass 
percent polyethylene glycol of 6000 inmassaveragemolecular 

as the polyester polymer component A The 
„3ter-absorb,ngproperty, de t e r , o r a t i on , n .a t e r - a bso r b i n c 
p,„,,„.iThage. and t h e r emovab i I i t y of t h i s . , P i ng c 1 o t h 
,3,e,tnon«ovenfabric«ere respectively eyaluated. Table 
, sho.s the results. The melting point of the polyester 
P.,,.er component A used , n t h i s e xamp I e was 260 "C and the 
re I at I ve v i scos i ty was 1 . 40. 
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Table 




; iVlter-absorb i ng 
P ro pe r ty ( s e cojnds^ 
'DeTe r i 0- 
ration 
W a t e r ^ a b s 
i 0 r b i n g 
i property 
7» i t h time 



N„,e:--- imablel i „d i oa t es t ha t t he « t e r - abso r b , ng 

nronprty was not measured. 

Je results shown , n T ab , e , I eads to the toMo.n. 
,„..,.s,cn, «he„ oo^pann. the .oto.cn. Co™patat,v 
„ple4,n,hioh the po Wes t e r po , v^e . component A not 

n,n.poWcxval...ene„vco,«asusedwi,h,hefo,e.o,n. 

p ,.nlcs 1 to 3 in «hich the polyester polymer 
Comparative Examples 1 to i ■ 

_,.„ent.conta,nin, — ^ ' ' ^" ' 
„„..erstood that the «ater-absorb,n.propor,y,s,.pov 

„ apprc.ately double due to the presence 
o,yo al.ylene.woci. On the other hand, in the fore.o 
L,lesnoS,n.h,chthepresenceo,polyoxya,.ylene.lycol 
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and the plasma treatment are combined or jointly used, the 
water-absorbing property is improved by at least about 1000 
timesascomparedw]thComparativeExample4. IroTherwords, 
combination of po I yox ya I ky I eneg f yco I and The plasma 
5 treatment leads to a remarkably significant technical 
function and advantage. 

When comparing the foregoing Example 5 in which the 
polyester polymer component A containing I.Q mass percent 
polyoxyafkyleneglycol was used with the foregoingExamples 
1^ 1 which the polyester polymer component A containing 

5 TO 10 mass percent po I yoxya I ky I eneg I yco I was used, it is 
understood that deterioration in wa t e r - a bso r b i ng property 
with age is less in the latter case. 

In the invention, when a polymer component containing 
1 i) DO ! yoxya I ky I eneg I yco I is used as the polymer component A 
fo-ming the splittable conjugate fibers and splitting and 
Diasma treatment are applied, it is possible to obtain the 
technical advantages of largely improving the 
water-absorbing property and decreasing deter oration in 
20 wa t e r - abso r b i ng property with time. 



